We used complexes between a fourth generation polyamidoamine (PAMAM) dendrimer and one of two heterocyclic compounds -1-(6-hydroxyhexyl)-3-(5-phenyl-isoxazole-3-yl)-urea or 5-phenyl-isoxazole-3-carboxylic acid -to reduce oxygen consumption in transverse slices of the hippocampus taken from 4-week old male rats. In vitro electrophysiological experiments revealed that the inhibitory effect of the hypoxic state on the evoked responses was enhanced in the presence of the complexes. The data were analyzed in terms of the potential antitumor effects of these complexes.
INTRODUCTION
Until recently, studies on hyperbaric oxygen treatment and cancer focused on whether increased oxygen levels could act as a cancer promoter [1] . On the one hand, a decrease in the extent of the vascular network limits the metastatic opportunities of surviving tumor cells under hypoxic and ischemic conditions. On the other hand, chemotherapeutic drug delivery to cancer cells is reduced, which may be one of the biggest arguments against the use of substances that inhibit blood vessel growth [2, 3] . Isoxazole derivatives and dendrimers have anticancer activity [4] [5] and the latter have shown their efficacy in the field of anticancer drug delivery [4, [6] [7] . Non-covalent or covalent conjugation with dendrimers can significantly improve the direct delivery of drugs, including anticancer drugs like adriamycin, doxorubicin, methotrexate, fluorouracil, or cisplatin [4, [6] [7] . Moreover, modification with a dendrimer can greatly reduce the drug's side effects [8] [9] . The aim of this study was to elucidate how the presence of dendrimerheterocyclic compound complexes in brain tissue would affect the functioning of its signaling systems under hypoxic conditions. We chose hippocampal slices as the in vitro model to test our hypothesis. The continued presence of intercellular communication has been established both in brain slices and in cell culture [10, 11] . Hippocampal cells are involved in the control of memory and learning. They play their role by transmitting signals between the CA3 and CA1 regions. In tumor tissue, intercellular communication begins to break down early, but it is difficult to establish the functional consequences of such changes in the initial stage of the pathological process. Therefore, we evaluated the effects of heterocyclic compound-PAMAM dendrimer complexes on the intercellular communication in hippocampal slices in a state of hypoxia.
MATERIALS AND METHODS

Materials
Fourth generation PAMAM dendrimers were purchased from Sigma-Aldrich. All of the other reagents were of analytical grade and used as purchased without further purification. 5-phenyl-isoxazole-3-carboxylic acid (also referred to here as compound 1) and 1-(6-hydroxy-hexyl)-3-(5-phenyl-isoxazole-3-yl)-urea (also referred to here as compound 2) were synthesized, and their structures were verified using NMR as reported previously [10] .
Complex generation
To increase the solubility of compounds 1 and 2, we synthesized complexes of each with PAMAM dendrimer. A 70-nmol suspension of PAMAM in 3 ml of normal saline was mixed with 1960 nmol of one of the heterocyclic compounds suspended in 7 ml of normal saline and stirred at 34ºC for 4 h. Gradual homogenization with increasing opalescence of the mixed suspension was observed. Compound 1 reacted with the amino groups of the dendrimer surface to form a salt-type product. Salt formation was confirmed by nephelometry when the insoluble crystals of compound 1 were fully dissolved by the PAMAM dendrimer. Compound 2 associated with the dendrimer cluster due to van der Waals interactions.
Electrophysiological experiments
We performed the electrophysiological experiments using 450-µm thick transverse slices of the hippocampus from 4-week old male rats (n = 13) as described earlier [11] . The samples were taken from rats that were also used as a control group in a set of experiments carried out by another group of the During the experiments, the slices were placed in a temperature-controlled BSC-ZT chamber (Harvard Apparatus) at 29ºC and perfused with carbogen-saturated ACSF at a flow rate of 4 ml/min. Recording tungsten microelectrodes (WPI Inc.) were placed at the stratum radiatum and stratum pyramidale of the hippocampal CA1 region to monitor the excitatory postsynaptic potentials (EPSP) and population spikes (PS), respectively. Neuronal responses were evoked by electrical stimulation of presynaptic Schaffer collaterals using a stimulating microelectrode. The perfusion of the hippocampal slices in the presence of dendrimer-based complexes was performed by adding 100 µg/ml of the PAMAM-compound 1 or PAMAM-compound 2 complexes to the ACSF.
RESULTS AND DISCUSSION
Electrophysiological experiments
After the preincubation period, the subsequent infusion of ACSF saturated with carbogen revealed a gradual stabilization of evoked electrical responses in the stratum radiatum (excitatory postsynaptic potentials, EPSP) and stratum pyramidale (population spikes, PS). The first minutes of observation are illustrated in Figs 1 and 2 . The results show that the hypoxic stimulus was accompanied by a reduction in the EPSP amplitude and a short-term increase (during the first 1 to 1.5 min) in the amplitude of PS, followed by a catastrophic fall in EPSP to its minimum at 4 to 5 min (Figs 1B and 2C) . Starting from the second minute of hypoxia, the amplitude of PS decreased rapidly, replicating the fall in EPSP amplitude. PS amplitude recovery after the cessation of hypoxia occurred 3 to 5 min later than the restoration of the amplitude of the EPSP. The addition of the complex of the PAMAM dendrimer with compound 2 (Fig. 1A) to the hypoxic solution of ACSF increased the drop in EPSP and PS in the hippocampus (Fig. 1A) . The amplitude of EPSP was reduced by 20-40% when hypoxia occurred in the presence of the complex of the PAMAM dendrimer with compound 1 (Figs 1A and 2B) . The recovery of the amplitude of EPSP was almost twice as slow under such conditions. Also, during the initial period of hypoxia combined with dendrimer-based complexes, a brief upturn in PS amplitude was always present, reflecting the dissociation of the input-output relationship [11] . The decrease in the ability to form EPSP (input) in the hippocampus under hypoxic conditions in the presence of dendrimer-heterocyclic compound complexes is accompanied by an activation of processes forming PS (output). The obtained data indicate that the inhibitory effect of hypoxia on triggered responses in the hippocampus is enhanced in the presence of the studied complexes. The dendrimer-heterocyclic compound complexes were found to have no effect on the events occurring in the population of hippocampal cells during the stimulation of Schaffer collaterals. The use of dendrimer-based complexes with compounds that amplify hypoxia has potential for situations that require the destruction of biological tissues, in particular for cancer treatment. The first step in this direction could be the combination of such complexes with substances that affect regeneration [12] or inhibit the endothelial growth factor of blood vessels. This could lead to the disruption of angiogenesis, impaired blood flow to the tumor cells, a voltage drop of oxygen in tumor tissues (hypoxia), deceleration of tumor growth, or the destruction of the tumor cells.
